Laboratory experiments were conducted to study the potential impact of genetically modified corn hybrid, transgenic Bacillus thuringiensis (Bt)-expressing (Cry2Ab/1Ac), and the corresponding isogenic untransformed Bt-free hybrid on biological parameters of the green lacewing predator, Chrysoperla carnea (Stephens). The effectiveness of transgenic (Bt)-expressing (Cry2Ab/1Ac) on C. carnea developmental parameters (larval duration, pupal duration, mortality %, pupation %, adult emergence %, and adult duration time) was investigated in the first experiment. In the second experiment, the effect of Bt Cry2Ab and Cry1Ac partially purified toxins on the hatchability of C. carnea eggs compared to cypermethrin was examined. Additionally, the toxicity effect of Angoumois grain moth, Sitotroga cerealella, eggs sprayed with BtCry2Ab/1Ac mixture and cypermethrin on C. carnea was tested. The results showed that the mortality percentage of C. carnea fed on aphids reared on Bt corn (40%) was less than that fed on aphids reared on non-Bt corn (50%). Moreover, the larval mortality %, net pupation, and adults' emergence percentage of C. carnea larvae fed on aphids reared on Bt corn and non-Bt corn were not significantly different. On the other hand, the hatchability data showed that the chemical insecticide (cypermethrin) severely affected the C. carnea eggs compared to Cry2Ab/1Ac toxins. These findings proved that adopting biopesticide formulation based on Bt toxins or Bt-modified crops will not only affect C. carnea but also enhance its ability as a potential biological pest control agent.
Background
Different Bacillus thuringiensis (Bt) have been used widely to control lepidopterans, dipterans, and coleopterans insect pests over the last five decades. Among the environmentally friendly pesticides, B. thuringiensis-based products alone account for 90-92% of the 1% market share of biopesticides in the total pesticide market. Generally, B. thuringiensis endotoxins are considered as safe biopesticides to vertebrates and beneficial arthropods and are often highly toxic to insect pests. Genes encoding Bt toxins were among the first to be used in genetic engineering of plants to overcome insect resistance.
Since 1996, plants have been modified with short sequences of genes from Bt to express the crystal protein.
In this technology, plants themselves can produce the proteins and protect themselves from insect damage. The use of genetic engineering techniques to transfer desired traits in insect, disease, and weed control has provided farmers with new tools to control some stubborn problems (James, 2004) . Some of the first genetically engineered crops have been modified to express insecticidal crystalline (Cry) proteins derived from the common soil bacterium B. thuringiensis (Bt) Berliner (Perlak et al., 1991) . These so-called Bt crops are protected from the feeding of various groups of insect pests. They provide pest control solutions that are highly effective and yet very specific, leading to substantial direct benefits for farmers as well as providing greater flexibility in crop management practices. Among them, Bt corn is considered as an ideal crop system for comparing possible non-target effects of transgenic (Bt) and conventional insecticide control. This crop is heavily treated with insecticides for lepidopteran pests and has a shorter crop cycle than other transgenic crops. Thus, there is a great chance of ecological disruption, at least from insecticides, and less time for non-target populations to recover from these disturbances before the end of the crop cycle (Rose and Dively, 2007) . Like any insect control technology, transgenic plant may present a risk to the natural enemy community, due to indirect contact with Cry protein by feeding on intoxicated organisms, or changes in plant chemical. On the contrary, reductions in insecticide use resulting from planting Bt corn should be beneficial to natural enemies (Betz et al., 2000) . Endotoxins from Bt produced in transgenic Bt crops are generally not toxic to predatory and parasitic arthropods (Schoenly et al., 2003) .
Green corn leaf aphid (GCLA), Rhopalosiphum maidis (Fitch), is a major pest of corn in Egypt, Middle East, and elsewhere; heavy infestations cause yield loss by more than 35% (Al-Eryan and El-Tabbakh, 2004) . It is also considered as a major pest of sorghum, barley, sugar cane, millet, wheat, and banana in various parts of the world. This pest is attacked by various predators of different families, viz., Chrysopidae, Syrphidae, and Coccinellidae. Green lacewing, Crysoperla carnea (Stephens) (Chrysopidae), is the most effective biological control agent of aphid species. The larva of C. carnea has relatively a wide range of prey acceptance (Preetha et al., 2009) , which includes aphids, whiteflies, eggs of moths, and other soft-bodied insects. As a result of the polyphagous ability and voracious nature of C. carnea in addition to its vast geographical distribution (New, 1975) , there is easiness of mass multiplication (Araujo and Bichao, 1990 ) and tolerance to several pesticides (Hassan et al., 1985) . C. carnea has received numerous attentions from farmers as well as researchers as a potential biological pest control agent. The effectiveness of C. carnea as a biological control agent has been demonstrated in field and greenhouses and reported to give about 100% lepidoptran pest control when used along with Trichogramma spp. (Hagley and Miles, 1987; Rincon, 1999) . Therefore, the current study aims to investigate the potential impact of Bt transgenic plants on green lacewing predator, C. carnea.
Materials and methods

Rearing of Sitotroga cerealella (Olivier)
The eggs of Angoumois grain moth, S. cerealella (Olivier), were used as a natural food source for mass production of the green lacewing, C. carnea. In order to maintain S. cerealella pest under laboratory condition, its mother colony was kindly provided by the Stored Grain Department at the Plant Protection Research Institute. To obtain a mass production of S. cerealella eggs, the insect culture was maintained according to the method described by Hassan (1995) with some modifications where a bulk of soft wheat grains were brought to the laboratory and were sterilized at 120°C for 2 h. About 2-3 kg of sterilized wheat grains was poured into sterilized and clean metal trays (70 × 50 cm size). These trays were kept horizontally on the bench and infested with 1 g of S. cerealella eggs/kg of wheat grains in each tray and immediately transferred into large cages for 10-12 days. The trays were then taken and kept vertically in ovipositor cages for 25-30 days till adult emergency and egg production. The deposited S. cerealella eggs were collected in small jars in 2-day intervals and were sieved in order to remove all the insect scales.
Rearing of predator, C. carnea
The starter culture of the green lacewing, C. carnea, was established by collecting the adult stage from cotton field, insecticide-free and transferred immediately to the laboratory. This culture was maintained under lab condition for several generations before starting the experiments. The adults of C. carnea were taken from original culture and were mated in plastic boxes. A number of ten pairs of adults were placed in plastic boxes (22 × 13 × 10 cm) and were covered with black muslin cloth for egg laying. A semi-artificial diet solution was prepared according to Morrison (1985) . The adults were provided with droplets of mixed yeast and sugar on muslin cloth. The deposited eggs were collected daily and kept in glass jars until hatching. The hatched larvae were reared on S. cerealella eggs as mentioned above.
Rearing of the aphid, Rhopalosiphum maidis (Fitch)
In order to obtain enough culture of aphid that fed for several generations on Bt corn plants, a number of 20-30 individuals of R. maidis were released on Bt corn which contained a synthetic Cry2Ab/1Ac gene encoding a nearly full length Cry2Ab protein. Both transgenic and non-transgenic corn plants were sown and grown in the greenhouses. Three months after cultivation, the nymphs of GCLA were collected from the infested corn leaves for predator feeding assay.
Predator feeding assay A. Feeding effect of aphid reared on Bt transgenic lines on the development of C. carnea
In order to study the influence of feeding C. carnea on hosts that fed on transgenic line, the infested leaves with R. maidis individuals of Bt corn and non-Bt corn greenhouses were collected and transferred to the lab for predator assay. Twenty individuals of the second instar larvae of C. carnea were kept individually in culture tubes; each tube was considered as one replicate. Fifty aphids were collected from the infested corn leaves then introduced to each larva daily till pupation. Daily observations were performed till adult stage. In each assay, the larval duration of the C. carnea, larval mortality percentage, pupation percentage, pupal duration, percentage of the emerged adult, percentage of assayed larvae survived till adult emergence and the number of aphid individuals eaten by each larva were recorded. Also, to study the effect of Cry2Ab and Cry1Ac toxins on either egg hatchability or larval feeding of C. carnea, we undertook the following experiments:
B. Bacillus thuringiensis Cry1Ac and Cry2Ab toxin preparation
BtCry1Ac toxin was cultured and partially purified as described earlier by Abdullah et al. (2009) . Additionally, protein concentration was determined by Bio-Rad protein assay based on the Bradford method using bovine serum albumin (BSA) as a standard (Bradford, 1976) . The BtCry2Ab protoxin was partially purified according to methods described by Moussa et al. (2016) . BtCry2Ab was inoculated in a 5-ml Loria broth (LB) culture tube and incubated overnight at 150 rpm shaking at 37°C. The bacterial cell was sub-cultured in a bigger flask of LB media and kept to grow under the previous condition for 3-4 days. The cells were pelleted down using 5200 rpm centrifugation at 4°C for 10 min. The pellet was re-suspended in lysis buffer (50 mM Tris; pH 8.0; 50 mM EDTA; 15% sucrose; 10 μg/ml of lysozyme).
C. BtCry1Ac and Cry2Ab effects on egg hatchability of C. carnea
To study the effect of Bt Cry1Ac and Cry2Ab toxins on egg hatchability of C. carnea, 20 eggs of C. carnea were sprayed with different concentrations of the abovementioned toxins and left for hatching. Three replicates were used per each dose. In both toxins, three different concentrations were used viz. 4.0, 8.0, and 10.0 μg/ml in comparison to the recommended dose of chemical insecticide cyper-methrine (2 μg/μl) which was used as a positive control treatment. The negative control treatment sprayed with distilled water (dH 2 O) was also considered. The sprayed eggs were incubated at 27 ± 1°C for hatching and the eggs were daily observed till day fifth. The hatchability percentage of C. carnea was calculated and recorded.
D. Feeding effect of S. cerealella eggs sprayed with
BtCry1Ac/2Ab toxins on C. carnea
To determine the feeding effect of S. cerealella eggs treated with Bt Cry1Ac and Cry2Ab toxins on green lacewing predator compared to the effect feeding of GCLA reared on Bt corn, the partially purified BtCry1Ac and BtCry2Ab toxins were sprayed on eggs of S. cerealella pest at various concentrations which ranged from 4 to 10 μg toxin/ml dH 2 O. Similarly, the negative and positive control treatments were also deliberated, but Bt toxins in this experiment were replaced with dH 2 O (as a negative control) and cypermethrin compound (as a positive control). In each concentration, three replicates of 20 green lacewings on the first day of the second larval instar were released on the treated eggs with a fine brush and then kept at the abovementioned laboratory condition for 4 days and examined 4 days after treatment. The experiments were repeated several times in order to obtain accurate data. The experiments were accomplished at 26 ± 1°C and 65-70% RH.
Data analysis
One-way analysis of variance (ANOVA) was applied by the Duncan multiple range test for comparison of means at P < 0.05, Student's t test, and depletion rates, which were computerized according to IBM-SPSS, 2011). Additionally, Abbott's formula (Abbott, 1925) was implemented to correct the larval mortality percentage.
Results and discussion
Development of C. carnea fed on aphids reared on Bt corn
The developmental parameters including larval and pupal duration of C. carnea fed on aphids reared on Bt corn and non-Bt corn are shown in Table 1 . The obtained data showed that each larva of C. carnea fed on aphid reared on Bt lines consumed fewer individuals than those reared on aphids fed on non-Bt lines. The rate of each larval predator consumption of aphid Pupation (completed) % 60% 50%
Adult emergence % 100 100
Percentage of assayed larvae survived till adult emergence
60% 50%
Data represented as mean ± SE * Significant at P < 0.01 using Student's t test individuals reared on Bt corn (222.5 individuals) was less than that reared on non-Bt corn (253.5 individuals) and the difference between the two mean numbers was significant. Moreover, the larval duration was affected significantly when predator larvae fed on aphid reared on non-Bt corn plants (9.0 days) was compared to larvae fed on aphid reared on Bt corn (9.9 days). The pupal duration on Bt corn was significantly longer than that on non-Bt corn and the percentages of pupation were 60 and 50% respectively. Inversely, the larvae of C. carnea completed their larval development and pupal period in a shorter time (19.4 days) compared to those on non-Bt corn (19.9 days). On the other hand, the mortality percentage of C. carnea fed on aphids reared on Bt corn (40%) was lesser than that fed on aphids reared on non-Bt corn (50%). Results indicated no detrimental effects of Bt plants on the biological activity of C. carnea. Romeis et al. (2004) pointed that the observed negative effects on C. carnea larvae provided with Cry2Ab fed on lepidopteran larvae were due to a reduction in prey quality and not to a direct toxic effect. Also, this observation is in agreement with the finding of Schnepf et al. (1998 and De Maagd et al. ( 2001) . They reported that no specific binding sites for Cry2Ab were detectable on the midgut brush border membrane vesicles isolated from C. carnea larvae since the specific binding site of the protein on midgut receptor is a prerequisite for the completion of Bt toxicity. Generally, data analysis cleared that the larval mortality, pupation percentage, and adult's emergence percentage of C. carnea larvae fed on aphids reared on Bt corn were not affected significantly as compared to the non-Bt corn line. Dutton et al. (2002) showed that C. carnea fed on two preys (Rhopalosiphum padi and Tertranychus urticae) which were reared on Bt corn did not affect survival and predator development. Moreover, Head et al. (2001) proved that the residues of Bt protein were not found in the aphid bodies when fed on Bt transgenic corn or on artificial diets containing the same Bt protein, while Tian et al. (2013) confirmed that there were no differences in any of the fitness parameters (larval survival, development time, fecundity, and egg hatchability) regardless if C. rufilabris consumed cabbage looper, Trichoplusia ni, or fall army worm, Spodoptera frugiperda, that had consumed Bt or non-Bt plants.
Comparison between the effect of Cry1Ac and Cry2Ab toxins on egg hatchability of C. carnea
The effect of Cry1Ac and Cry2Ab on egg hatchability of C. carnea compared to the chemical pesticide (Cypermetherin) as a positive control and dH 2 O as a negative control treatment is illustrated in Table 2 . Although we tested high doses of both toxins (4.0, 8.0, and 10.0 μg toxin/ml), the data indicated that there were no significant differences between Cry1Ac and Cry2Ab concentrations on egg hatchability. Also, there was no significant difference between the abovementioned concentrations and the negative control except Cry2Ab at 4.0 μg where the mean number of hatched eggs that treated with Cry2Ab at 4.0 μg produced 19.33 eggs and that treated with dH 2 O (negative control) produced 16.66 eggs with significant difference between two applications. On the other hand, the hatchability of C. carnea eggs treated with cypermetherin (positive control) was nil and the difference between the positive control and all other treatments was significant. Tian et al. (2013) confirmed that Cry1Ac and Cry2Ab did not affect the egg hatchability of C. rufilabris. Table 3 indicated that the two concentrations (4 and 8 μg/ml) of both BtCry1Ac and Cry2Ab mixture caused larval mortality of 2.5 and 5.0% respectively, while mortality percentage was 10.83% when larvae were fed on S. cerealella eggs sprayed with cypermethrin. On the other hand, there was no larval mortality recorded in negative control (dH 2 O). These results are in accordance with Rodrigo-Simon et al. (2006) who found that there was no negative effect of Cry2Ab, Cry1Ac, or Cry1Ab on lacewing larvae of Cry1Ac binding sites in the mid-gut epithelium.
Effect of Bt toxins on C. carnea
Data in
Additionally, Dutton et al. (2002) and Obrist et al. (2006) did not find any direct effect for Cry1A protein class on lacewing larvae. Considering that the green lacewing is a generalist predator which, in addition to feeding on lepidopteran larvae and mites, also feeds on aphids and other insect eggs in the field, it is highly unlikely that Bt crops pose any risk to this beneficial predator. Insignificant difference between similar litter using Duncan multiple range test at P < 0.05 Moussa et al. Egyptian Journal of Biological Pest Control (2018) 
Conclusions
The overall conclusion of the current study is that Bt corn lines has no direct or indirect effect on C. carnea. A respectable number of developed and developing countries adopted transgenic crops two decades ago. But, several concerns still stand as obstacles to accept this technology by public. Effect of modified crops on the biological activity of the predation level of insect predators such as C. carnea is assumed to be a major problem. Therefore, the current study proved that the biological activity of C. carnea will not be affected by adopting Bt corn. This finding may also help the Egyptian Government to reconsider the adoption of Bt-modified crops plan for reclamation of 4 million feddan of the desert land in the coming years. Insignificant difference between similar letter using Fischer Exact Probability test at P < 0.05
